Introduction
The recent rapid increase in the prevalence of obesity is widely recognized as a major public health concern in economically developed countries. The condition is considered to be responsible for an increasing share of total health care expenditure as it is closely associated with a number of co-morbidities (e.g., heart disease, diabetes, certain cancers, arteriosclerosis, or sleep apnea), and for generating other socioeconomic costs (e.g., labor incapacity, absenteeism, wage and promotion discrimination, stigma or social exclusion).
1 Moreover, we cannot ignore the fact that obesity is more prevalent among low-educated and poor income families and as such is unevenly distributed within society (Sobal and Stunkard, 1989; Zhang and Wang, 2004; Costa-Font and Gil, 2008) . Despite its obvious significance, the severity of the epidemic has been tested to date mainly by means of self-reported anthropometric information. In this respect, the International Obesity Task Force in its briefing on obesity in Europe complains that ''few countries conduct systematic measured surveys to obtain reliable nationally representative data to assess the degree of overweight and obesity in their populations''. The Organization of Economic Cooperation and Development (OECD) even recognizes that the use of self-reported weight and height data is subject to significant biases which ultimately ''underestimate the true prevalence of obesity in many OECD countries because of reporting biases' ' (IOTF, 2005) . This means that self-reported surveys need to be corrected so as to obtain more accurate Economics and Human Biology 9 (2011) 78-91 Given the lack of availability of measured anthropometric data for the whole of Spain, this paper combines data from the 2006 Catalan Health and Health Examination Surveys to compute the size of weight and height self-reporting biases. The underlying determinants of these biases are then analyzed, placing special emphasis on the role played by social norms. Our findings show that social norms regarding ''ideal'' weight (proxied by the average weight of a reference group based on gender and age) tend to affect the selfreporting weight (relative) bias. This finding suggests that the more satisfied individuals feel with their own body image the less prone they are to under-report their weight, although this effect is contingent upon the definition of social norms and the correction of endogeneity. However, we found no evidence of a similar impact caused by the social norms governing height. The relationship found between the measured and self-reported anthropometric data was applied to the Spanish National Health Survey (NHS) so as to correct the self-reported information contained in it. After correcting for self-reporting errors, both the BMI and the prevalence of obesity were found to be significantly underestimated, with instances of misreporting being more prevalent among women.
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measures of obesity. 2 There can be little doubt that access to reliable information is crucial for health policy makers dealing with this pandemic in order that they might avoid making inappropriate public health policy responses. This paper also questions the validity of self-reported anthropometric data. Under the general assumption that self-reports on weight and height partly reflect, or are influenced by, people's desires regarding their ideal body image, the objective of this paper is threefold. First, we quantify the magnitude of weight, height and BMI selfreporting biases based on the most recently conducted Health & Health Examination Surveys for Catalonia (given the lack of availability of similar data for Spain as a whole). These biases, which are computed as deviations (in relative terms) between self-reported and actual or measured weight and height, can be interpreted as representing the individuals' degree of dissatisfaction with their own body shape.
3 Secondly, the paper contributes to the literature by analyzing the impact of a set of determinants on these anthropometric biases, emphasizing the role played in this phenomenon by the so-called social norms regarding ''ideal'' or desired weight and height. Mirroring the literature on social norms or peer influences, we assume that social norms regarding what constitutes an ideal body weight also affect individuals' self-reporting decisions when answering anthropometric questions on health questionnaires (see Etilé , 2007; Powdthavee, 2009 ). However, whether this social environmental effect constitutes a general concern for researchers working with self-reported data is a question under empirical scrutiny and will depend on the size of this social norm effect (Powdthavee, 2009) . Thirdly, following Cawley and Burkhauser's (2008) approach we transfer the relationship found in our sample between self-reported and measured data to the latest edition of the Spanish health survey in order to achieve a more accurate measurement of both BMI and obesity rates for the whole of Spain. This exercise allows us to assess whether the corrected Spanish selfreported survey based on our estimations differs greatly from the corrections performed when using, for instance, the conversion formulas provided by Cawley and Burkhauser (2008) based on dissimilar cultural and environmental patterns.
In line with previous studies, our findings corroborated the existence of significant biases in self-reported weight and height in the Catalan data sample. The biases followed the expected pattern for gender, age, education and health status, among other factors. In addition, by using a Seemingly Unrelated Regression (SURE) procedure to account for the presence of common unobservable effects, we found evidence confirming that social norms regarding ideal weight had an effect on weight bias. This effect was however contingent upon the definition of the social norm covariate and the correction of endogeneity. The anthropometric biases were also explained by the incidence of other covariates (i.e., the BMI, waist-to-hip ratio, age, gender, nationality, education, health -status and healthcare variables). Finally, we found that both self-declared BMI and the obesity rate of the Spanish population were significantly underestimated (18.5% as opposed to 15%), with the degree of misreporting being higher among women.
The remainder of this paper is structured as follows. In Section 2 we measure and quantify the magnitude of bias in self-declared anthropometric data for the Catalan case. Section 3 outlines the econometric methodology, discusses the underlying determinants of the misreporting behavior, and presents our empirical evidence. Section 4 corrects the anthropometric data for Spain as a whole and the final section summarizes our main findings.
Bias in anthropometric data

Data description
Unfortunately, given the unavailability of a nationally representative examination survey for the whole of Spain (Aromaa et al., 2003) , 4 we assess and quantify the magnitude of bias in self-reported data on weight, height and BMI by using the 2006 editions of the Catalan Health Survey (CHS) and the Catalan Health Examination Survey (CHES), both produced by the Catalan government's Department of Health, providing valuable health information based on self-reports and clinical measurements. Although it is not testable, we claim the existence of a similar reporting pattern of health information between Catalan and Spanish societies on the grounds that the two populations share similar customs, cultural and historical traits, and economic and religious backgrounds. 5 Indeed, our results regarding the size of the anthropometric biases are comparable to those found by Quiles and Vioque (1996) for the region of Valencia, another highly populated region in Spain. The CHS-2006, which is representative of the resident and non-institutionalized Catalan population, gathers information on aspects such as self-perceived health status, healthcare utilization, consumption of medicines, chronic conditions, mental health and social support, preventive medicine, life styles, self-reported anthropometric data, and socioeconomic characteristics. The survey was carried out using computer-assisted personal interviews and was structured in three questionnaires following a complex multistage sampling procedure. 2 An example of this bias is provided by a self-reported adult obesity rate of 20% based on the BRFSS telephone survey in the US, which contrasted with estimates of 28% (men) and 34% (women) for the same year based on the NHANES data, using measurements provided by trained personnel.
3 See Danubio et al. (2008) for a survey of bias magnitudes for OECD countries. 4 The exceptions are a number of regional surveys covering their Having merged the two samples using the identification number and having removed the data relating to subjects aged below 15 and above 65, we ended up with a sample comprising 1568 observations (49.7% men and 50.3% women) for whom we had both self-reported and measured anthropometric data together with socioeconomic and health information. As a criterion of validity, Pearson correlation coefficients between self-reported and measured weight and height were computed. All were statistically significant (p < 0.001) using Bonferroni-adjusted significance levels for all age groups within each gender. Specifically, correlation coefficients between self-reported and measured weight for all age groups and both genders ranged between 0.90 and 0.96, whereas correlations for height and the same population subgroups were somewhat lower, ranging between 0.80 and 0.91. Despite these strong correlations, our data confirmed that individuals tended to commit systematic errors when reporting anthropometric data.
Bias magnitudes
Our estimations showed that the mean difference between self-reported and measured weight was À1.42 kg (95% CI: À1.63 to À1.21), confirming the widely reported underestimation of weight together with a higher degree of underestimation among women than among men (À1.45 kg vs. À1.38 kg). For instance, using data for Sweden, Boströ m and Diderichsen (1997) reported that adult women tended to underestimate their weight significantly more than did men (À1.64 kg vs. À0.74 kg). Similar results were found by Niedhammer et al. (2000) for a sample of middleaged French subjects (À0.85 kg for women, À0.54 kg for men), by Bolton-Smith et al. (2000) based on a sample of Scottish adults (À0.95 kg for women, À0.63 kg for men) and by Quiles and Vioque (1996) using data from participants in the 'Survey of Nutrition and Health, 1994' conducted in the Autonomous Community of Valencia (À1.81 kg for women, À1.21 kg for men). However, other studies reported a more pronounced underestimation of weight among the male population (Gunnell et al., 2000; Spencer et al., 2002) . In the case of height, the mean difference between self-reported and measured height was estimated to be 0.64 cm (95% CI: 0.47-0.81) clearly suggesting that height was overestimated. Interestingly, this gap or bias was substantially higher among adult Catalan women (0.92 cm) than it was among men (0.36 cm), suggesting perhaps a greater dissatisfaction with their height among these women. The findings in the literature on this point are again somewhat mixed: while some papers report a higher overestimation in self-reported height among females (Quiles and Vioque, 1996; Boströ m and Diderichsen, 1997; Paccaud et al., 2001 ), others present a larger overestimation among males (Gunnell et al., 2000; Kuczmarski et al., 2001; Spencer et al., 2002) .
At this point, it is worth stressing the differentials found in the computed biases based on covariates. Reflecting previous results for another region of Spain (Quiles and Vioque, 1996) , Table 1 shows that the height bias increased with age, in accordance with other studies (Boströ m and Diderichsen, 1997; Kuczmarski et al., 2001) . Hence, the oldest adult group (aged 56-65) tended to over-report their height significantly more (1.42 cm) than any other age group. 9 However, this finding could not be corroborated fully for weight since the greatest weight bias was found for the 25-35 age group. Next, educational 6 Weight and height measurements were taken with shoes off and with subjects clad only in a light robe or undergarments and rounded to the nearest 0.5 cm. Waist and hip circumferences were measured using a flexible, inelastic measuring tape with the subject in standing position. The tape was placed horizontally (parallel to the floor) around the abdomen at the level of the navel (waist circumference) and around the maximal circumference at the level of the trochanter (hip circumference). In both cases measurements are recorded to the nearest 0.5 cm. 7 We excluded the elderly population from the sample to reduce the incidence of their higher morbidity on the self-reporting of weight and height. 8 We excluded 20 (15) outliers for self-reported weight (height) data and just 13 outliers for self-reported BMI data. 9 Reductions in stature and body weight in old age have been reported; this would ultimately explain why older adults are in general more unaware of their current height. attainment played a notable role in the generation of biases. Interestingly, the lower the individual educational attainment, the greater was the bias in height, but the lower the bias in weight. Thus, our data indicate that these individuals seemed to be more worried about reporting their real height than their weight. 10 Self-assessed health status also revealed certain trends in the misreporting. Both the weight and height biases were larger among those with better self-perceived health status, which could be interpreted as a consequence of greater levels of dissatisfaction with their own body size. Finally, as expected, our estimations showed that obese individuals underreported their weight (À3.54 kg) and over-reported their height (1.88 cm) more significantly than their non-obese counterparts, while this degree of misreporting was also higher in relative terms. On the understanding that these biases between selfdeclared and measured weight (height) may differ across the whole distribution, Fig. 1 displays kernel density functions to illustrate misreporting patterns across the anthropometric distributions. Two findings deserve particular mention. First, the height bias distribution only displays significant dissimilarities for heights 2.5 cm above the average. Second, the weight bias distribution was more skewed. In other words, greater dissimilarities in the shape of the distribution were seen for the weight bias, indicating that individuals misreported their weight more than they did their height. Therefore, bearing in mind these observations, the determinants of misreporting height and weight cannot be estimated jointly through the use of a single measure, i.e., the BMI indicator.
Finally, according to our data the difference between the average BMI calculated from self-reported and measured data was À0.72 kg/m 2 (95% CI: À0.81 to À0.63), revealing a systematic underestimation error when computing the BMI indicator using self-reports (Table 1) . Indeed, the degree of underestimation of BMI much more significantly than was the case with any other body weight subgroup.
Determinants of misreporting behavior
Background and misreporting determinants
There exists an extensive literature in health economics questioning the validity of the self-reported health status of individuals, collected in socioeconomic surveys, as a measure of true health. As a subjective measure of health, self-reported health status may be prone to measurement error (see, among others, Groot, 2000; Baron-Epel and Kaplan, 2001; Lindeboom and van Doorslaer, 2004; Herná ndez-Quevedo et al., 2005; Lindeboom, 2006) . In keeping with the explanations advanced by these reports for the existence of such self-reporting biases, we were able to anticipate similar reasons for the occurrence of this phenomenon -namely, evidence of weight and height biases when individuals self-declare such information in health questionnaires.
On the one hand, such biases can simply be understood as the consequence of a lack of information regarding one's own body weight and/or height. Thus, better informed individuals or individuals who have to be measured more frequently because of their health status will tend to declare their weight and height more accurately.
11 On the other hand, weight and height biases or errors could well be the consequence of a cognitive distortion affecting the individuals' perception of their own body shape. This would explain why many older individuals show a greater unawareness of their actual weight or height. In addition, since we assume that an individual's weight and height self-reports are partly driven by his or her own ideal or desired body image, our conceptual framework considers that such self-reports ultimately depend on the reporting behavior of a close reference group (social norms) as to what constitutes an ideal body weight (see, Etilé , 2007; Powdthavee, 2009 ). In line with the discussion above and the literature on the determinants of weight and height self-reporting biases, our econometric specification contains the following set of covariates (Table 2) (2000), Gillum and Sempos (2005) and 11 Note that crucial to our analysis is the fact that at the time of the home interview individuals report their weight and height without knowing that they might be invited to participate in an examination survey during which some measurements will be taken. Danubio et al. (2008) we include an individual's characteristics such as gender, age and age squared, marital status and ethnicity/nationality. (ii) To control for differences attributable to knowledge or education, we enter dichotomous variables for different levels of educational attainment. In principle, a lower degree of accuracy is expected among those with a lower level of educational attainment when self-declaring weight and/or height. However, more highly educated individuals can be expected to be more aware or better informed of their real weight and height and should deviate less in their selfreporting of this information. (iii) We also control for the existence of a socioeconomic gradient underlying this misreporting behavior. On the one hand, one can argue that poorer people might be expected to overestimate their height and under report their weight to a greater degree than is the case among their richer counterparts. In fact, some previous studies have shown that manual workers, in general, tend to overestimate their height more than non-manual workers do, while non-manual workers tend to underestimate their weight (Boströ m and Diderichsen, 1997; Niedhammer et al., 2000) . On the other hand, the opposite argument would also be plausible if, for instance, richer individuals are more influenced by social norms regarding an ''ideal'' body weight. Unfortunately, given the existence of many missing values in our dataset regarding the income variable, as an alternative we constructed an index of individual deprivation based on housing characteristics as a proxy of material wellbeing or wealth.
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(iv) We include several health-related covariates which we assume affect the self-reports of weight and height. In particular we consider self-assessed health status, number of chronic conditions and proxies of health care utilization (e.g., control of cholesterol levels and medical visits). Note: (*) Defined by assigning one if the home is equipped with bath and/or bathtub, hot water, heating, washing machine, dish-washer and airconditioning. (**) The reference group considered is defined in terms of gender, age group and educational attainment level. Means computed using sampling weights and excluding outliers for weight and height following Hadi (1992) .
(v) Two additional weight-related features are accounted for to measure the potential impact of distorted information regarding an individual's own body mass. On the one hand, a dichotomous variable seeks to identify whether interviewees had experienced a rapid and considerable weight loss (i.e., more than 6 kg in the previous 3 months). On the other hand, another dichotomous variable is included to capture whether individuals perceived themselves as being fat although others saw them as being too thin. (vi) Given that the reporting bias appears to be contingent on the particular weight and height level achieved by each individual (Boströ m and Diderichsen, 1997), we included the measured BMI (including a non-linear effect), the waist-to-hip-ratio (WHR) and the waist circumference as additional regressors. While BMI measures overall obesity, both WHR and waist circumference are proxy indicators of abdominalvisceral fat (central adiposity) 13 and are estimated to be better predictors of the risk of several chronic diseases and death.
14 (vii) Finally, as additional controls, our econometric specification incorporates the CHS interview length, the number of days between the first CHS interview and the CHES examination survey 15 and the rounding effect or tendency to round one's weight and height to the nearest '0' and '5' value (see Table 2 ).
The role of social norms
Given that the act of reporting anthropometric measures depend on either individual-specific or group-specific factors (Blume and Durlauf, 2006) ; this paper is particularly aimed at examining the influence of social norms regarding an ''ideal'' body weight on individuals' self-reports of weight and height. By social norms, we refer here to what Akerlof and Kranton (2000) call prescriptions, namely ideal characteristics that are specific to the individual's assigned social category. And since, in their model, prescriptions affect identity, such social norms enter into the individual's utility function. Other papers consider individuals' utility functions as being influenced by the group's commonly held social norm and people rationally select their weight (height) having in mind the body weight of their peers (Brock and Durlauf, 2001; Burke and Heiland, 2007; Etilé , 2007; Oswald and Powdthavee, 2007; Blanchflower et al., 2009) . Based on this framework, the nature of the social norm effect that we consider involves each individual comparing his/her own weight and height to the group's commonly held norm or desired body weight, and this comparison is assumed to affect reporting behavior. That is, being shorter or fatter than average within a reference group is assumed to affect self-reported data, since the ideal body image conditions self-declared weight and height responses. Hence we hypothesize that self-reports of one's weight and height are conditioned by the ''ideal'' body weight attributed to a reference social group.
Following standard practice, we constructed the social norms regarding the ''ideal'' weight (height) covariate as the average reported weight (height) of the individual's assigned reference group, once their own weight and height had been deduced. Assuming that an individual's self-reports are equivalent to his or her desires, we thus obtained a measure of ''ideal'' weight and height. 16 According to Manski (1993) , the identification of the social norm effect requires that the reference group to which the individual is assigned be adequately defined. As for the reference group, it should be noted that there is a long list of possible candidates including parents, friends, classmates or schoolmates, work colleagues or neighbors, who may participate in enforcing the social norms of body shape. However, given the limitations of our dataset, we assumed that the (baseline) reference group was defined on the basis of two individual characteristics: (i) gender and (ii) age (Etilé , 2007; Blanchflower et al., 2009 ). Alternative grouping criteria (including education but excluding age and including both age and education besides gender) were used for robustness reasons. Note that we preferred to employ education instead of occupation since the latter might suffer mismatch consequences. This was thought to be particularly important in the Spanish case since, in recent decades, the share of highly educated workers has increased notably. Nonetheless, this increase has not been matched by an equal increase in the supply of skilled jobs, thus resulting in over-education. Thus, we hypothesize a negative (positive) impact of the social norm on the weight (height) bias equation. In other words, the higher (lower) the average weight or desired weight (height) stated by the reference group, the lower (higher) the reporting weight (height) bias or the less inclined individuals are to under-report their weight.
Methods
To examine the influence of the above set of covariates on the calculated self-reporting biases for weight and height, we defined the latter in relative terms, on the understanding that the difference between what is reported and what is measured may not be linear.
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Nevertheless, for the ease of interpretation we hereafter define these biases or gaps in terms of positive values. Thus, our dependent variables are,
13 Since there is still some debate as to which indicator is the most appropriate adiposity marker, both measures of abdominal fat were included, albeit that waist circumference is easier to compute (NIH, 1998; Pischon et al., 2008 where w m ðh m Þ stands for measured weight (height) and w d ðh d Þ represents declared or self-reported weight (height). Before analyzing the empirical determinants of the misreporting behavior, we initially wondered whether the voluntary nature of participation in the CHES-2006 might have caused a sample selection problem, since selfreported and measured weight and height information were collected in different surveys (CHS and CHES). It is plausible that individuals might refuse to participate in the examination survey because they feel uncomfortable or, simply, as a consequence of their weight. Thus, gap measurements would be biased and, consequently, would under-represent a fraction of the overweight and obese population. Likewise, individuals might refuse to participate in a second interview due to work or family commitments.
We undertook two alternative specifications to examine the presence of this selection problem. Both models aim to explain why individuals are more likely to participate in the examination survey. First, we estimated the determinants of the weight and height (relative) biases through the use of a bivariate sample selection model. 18 In both cases our estimations showed that the error terms of the participation and outcome equation were uncorrelated [Wald test = 0.05 (p = 0.82) for the relative weight bias and a Wald test = 0.23 (p = 0.63) for the relative height bias]. Similarly, the estimated coefficients of the inverse Mills ratio were not statistically significant. Second, we adjusted a two-part regression model specification or ''hurdle model'' assuming two separate processes underlying the censoring mechanism and the analyzed outcome. Again, our data confirmed that the coefficient of the participation regressor was not statistically significant. We therefore concluded that sample selection was not a problem in our data and hence OLS regression led to consistent parameter estimates of the relative bias equations. Although we estimated the two self-reported relative biases or gaps separately by means of an OLS procedure, at this point we wondered whether common unobserved factors might affect both relative biases in weight and height. We therefore re-calculated our equations through the use of a SURE estimation method since all regressors could be considered exogenous. Note that this approach is useful when both residual terms are correlated, although the gain in efficiency is only considerable when this correlation is high. Then the estimated relative biases are,
where x i is the k-vector of explanatory variables; z i denotes a vector of anthropometric measures; b, g, d and l 1 and l 2 are the k-vectors of unknown parameters; e 1,i and e 2,i represent the random error terms which are assumed to be correlated and S w (S h ) represents the social norm regarding the weight (height) covariate proxied by the average selfreported weight (height) of the assigned reference group. Note we also enter the square of S w and S h in an attempt to test empirically the curvature of the social norm effect on the misreporting biases. Oswald (2008) reports evidence indicating that when individuals report their height they tend to use an approximately linear reporting function. A x 2 test reporting the statistical significance of this correlation (Cov(e 1,i , e 2,i ) 6 ¼ 0) confirms the validity of the SURE estimation although the gain in efficiency is small as the correlation is not very high. For this reason, we present only SURE estimations when reporting our empirical evidence.
Importantly, following Etilé (2007) note that the identification of the social norm effect hinges upon two key assumptions: (i) the non-linearity of the relationship between the social norm covariate and the variables defining group membership, which are also used as controls, although non-multicollinearity is needed to identify the model; and (ii) the exogeneity of the social norm measures. Table 3 displays the SURE results for the determinants of the weight (first column) and height (second column) self-reporting (relative) biases. 19 The social norm effect is defined by accounting for gender and age groups (baseline scenario). The estimated correlation coefficient between the error terms of the weight bias and the height bias is low (À0.12) but statistically significant. This correlation coefficient shows that there may be unobservable factors which are negatively related to misreporting weight and height. Note that weight and height biases were defined in opposite senses. The goodness of fit was reasonable (R 2 ranged from 0.11 to 0.18) given the microeconometric nature of our data. Besides the presence of other expected covariate effects, the most interesting result is the finding of a social norms effect on individuals' reporting behavior regarding anthropometric measures. Interestingly, we find that social norms concerning an ''ideal'' weight exert a non-linear negative statistically significant effect on the self-reporting weight relative bias equation. That is, the greater the average ''ideal'' weight shared by the reference group, the lower the weight bias or the less inclined sample individuals are to under-report their weight. This result was statistically significant after controlling for the influence of a set of covariates. The estimated size of this weight norm effect is not negligible. Certainly, it is estimated that a 1% increase in the average weight of the reference group causes approximately a 22.3% reduction in the relative weight bias. Overall, this evidence confirms that social norms regarding ''ideal'' weight have an influence when individuals report their attributes (Etilé , 2007; Powdthavee, 2009 ) and researchers should account for this effect when working with self-reported data. However, Table 3 indicates a negligible and hardly significant (at 10%) impact of social norms regarding an ''ideal'' height on the height bias. 20 Hereafter social norms on weight coefficients are the focus of the rest of the paper. As long as we rely on a parametric identification of the social norm effect, we checked multicollinearity by means of the Variance Inflation Factor for those variables defining group membership. Our results confirm that multicollinearity is not an issue and, hence, non-linearity is sufficient to identify the model. 21 In addition, as a robustness check, alternative definitions of the reference group were used. Table 4 shows these results. The first two columns present the coefficient and the elasticity SURE estimates of the weight bias equation. Note we reproduced the baseline scenario in the first part of Table 4 . In the second part we built reference group based on gender and educational attainment levels, i.e., excluding age groups. The presence of a negative and quadratic significant effect of the weight social norm on the relative weight bias was confirmed, and the size of this effect was stronger. Based on this new comparison group we found an elasticity figure of around À33.3%. 22 At the bottom of the table we considered jointly the three features (gender, age groups and education). In this case we again found a negative and statistically significant but lower elasticity of À9.5%. Therefore, this would suggest that the narrower the definition of reference group the lower the impact of social norms on the (relative) weight bias. However, some caution is needed since the latter reference group split our database into excessively smaller groups which represents a lack of sample size representativeness. Summarizing, the evidence presented in the first two columns of Table 4 would ultimately reveal that our results are contingent on the definition of the social norm effect. Note that one could even argue that education is endogenous casting some doubts or questioning the exogeneity of the social norm covariate. This may be the case if, for instance, the error term represents ability, selfcontrol, personality or genetic traits that can influence both schooling (and, therefore, group membership) and obesity. Likewise, education could be endogenous as a consequence of heterogeneity in time preferences within educational groups (e.g., single individuals or married people without children do not display the same leisure preferences) or simply due to measurement errors. For this reason, we estimated through instrumental variable (IV) the self-reporting weight (relative) bias equation. The last two columns of Table 4 present the results. For the baseline scenario the social norms covariate is instrumented by means of the average self-reported weight of the adjacent reference group (Etilé , 2007) , that is, those of the same gender with a differential age of no more than 5 years. As a result, we obtained two instruments for the endogenous covariate (i.e., the average weight of those above and below the individual age). The instruments were valid (Cragg-Donald Wald F statistic was considerably high: Note: Weight bias is defined as the difference between measured and selfreported weight in relative terms whilst height bias is defined as the difference between self-reported and measured weight also in relative terms. Reference group accounts for gender and age groups. Estimations performed using sampling weights and adjusting for within-cluster correlation. Outliers for weight and height were excluded following Hadi (1992) . These estimations included dichotomous variables for healthcare regions. Standard errors are displayed in brackets. Source: CHS and CHES, 2006. * (p < 0.1). ** (p < 0.05). *** (p < 0.01). 20 Actually, this negligible impact of social norms on height is corroborated under alternative definitions of social norms. 21 For the weight bias equation the VIF values were: male (9.14); age (1.64), whereas the mean VIF value was 6.85. Multicollinearity was also absent in the subsequent definitions of group membership. 22 As an additional check we dropped educational attainment from the econometric specification (second part of Table 4 ) to avoid (potential) collinearity effects between our social norms effect and education as an exogenous covariate. Results were almost the same. Hence, the inclusion of education was not a problem in our econometric specification.
Empirical evidence
219.90, p-value = 0.00). 23 Our results show that the instrumented social norm weight effect is statistically significant and with the expected sign, although showing a lower impact since elasticity slumps to À5.6%. 24 Likewise, when gender and education are used to build the reference group and its corresponding social norm effect is instrumented using these characteristics of the adjacent reference group (i.e., one instrument is derived); we obtain a quite similar result (À5.5%). 25 Therefore, we can conclude that our previous weight social norm estimated effect, where the endogeneity of education was neglected, is somehow overestimated. Notwithstanding, this estimated effect remains considerably high compared to the remaining set of covariates, except the individual's BMI (12.51%). The impact of several anthropometric measures on the self-reporting bias equations provided other interesting results (see Table 3 ). As expected, we find evidence of a positive and non-linear BMI effect on both the weight and the height relative bias. Thus, the higher the BMI the more likely individuals were to under-report their weight and over-report their height. In the same vein, obese individuals with high levels of abdominal-visceral fat, proxied by the waist-to-hip ratio (WHR), were found to considerably under-report their weight. Likewise, the WHR was found to exert a negative influence on height reporting bias, possibly showing that those with more central adiposity were tall individuals who otherwise tended to report a lower relative height bias.
Regarding the effects of other covariates, Table 3 shows the existence of a clear-cut misreporting pattern according to age. Our findings revealed a negative and statistically significant non-linear age effect on the weight and height reporting bias. Consistently with some previous studies, the results document that men tend to under report their weight less than women. As expected, nationality played a notable role in the self-reporting behavior: Asian (Europeans and high income country people) individuals tended to over-report (under-report) significantly their height compared to Spaniards. Furthermore, health covariates (reporting a fair health status, number of chronic diseases, cholesterol checks and having visited a physician) seemed to play a significant role when explaining the bias magnitudes. Finally, the estimates show that those who have experienced a rapid weight loss or who self-perceive as obese people tended to under report less their weight.
Assessing the correction of self-reported data
Although several studies have documented the existence of substantial errors in self-reports of weight, height and BMI in developed countries, and there is an urgent Note: Weight bias is defined as the difference between measured and self-reported weight in relative terms. Estimations performed using sampling weights and adjusting for within-cluster correlation. Outliers for weight and height were excluded following Hadi (1992) . These estimations included dichotomous variables for healthcare regions. Standard errors are displayed in brackets. Source: CHS and CHES, 2006. * (p < 0.1). ** (p < 0.05). *** (p < 0.01).
23 At this stage, we computed an exogeneity test (Durbin-WuHausman = 0.0399; p-value = 0.8416) indicating we cannot reject the null hypothesis of no endogeneity. The latter explains why OLS and SURE results do not differ. However, although the test indicates exogeneity, we preferred to instrumentalize the social norm impact as a consequence of the presence of convincing reasons to defend heterogeneous effects within educational levels. 24 The estimated elasticity is roughly the same (À5.2%) when the definition of the reference adjacent group is extended to a 10 years range. 25 Given the high number of restrictions in building the adjacent reference group when age, gender and education are used we decided to exclude the IV estimation of the social norm effect in Table 4. need to ensure an adequate assessment of overweight and obesity across Europe (IOTF, 2005) , to date the issue has not been investigated, as far as we know, in Spain's main health survey (the Spanish National Health Survey). Datasets of this kind usually lack measurements of weight and height or more accurate measures of obesity (e.g., waist circumference, hip circumference or WHR), and typically only include self-reported values. This section, therefore, has two primary aims: first, to quantify the magnitude of this reporting error or bias and to assess the degree of accuracy of self-reported anthropometric data in the latest SNHS conducted in 2006; and, second, to provide conversion formulas based on our merged dataset to enable social science researchers to use these estimations to calculate more accurate measures of weight and height when using their habitual datasets. The method we adopt for correcting reporting bias has been applied by many economists studying obesity (Cawley, 2000 (Cawley, , 2004 Lakdawalla and Philipson, 2002; Chou et al., 2004 and Burkhauser, 2008) . Nonetheless, according to Plankey et al. (1997) correcting the reporting errors does not completely eliminate the errors obtained when using linear regression models. Consequently, measured variables are preferable when available.
In the first stage, the three panels of Table 5 report the results of the regressions of measured weight, height and waist circumference by gender against self-reported anthropometric data, age and their corresponding squared terms (i.e., data commonly available in social science datasets) using our merged Catalan sample of adults from the CHS-CHES, 2006 (Section 2.1). 26 The R 2 scores of measured weight and height equations were relatively high (ranging from 0.73 to 0.88) indicating that the quadratic specification would fit the data quite well. Less valid, however, was the adjustment of the waist circumference (R 2 of 0.6 for males, 0.72 for females). The addition of more covariates, including education and civil status, to these econometric specifications barely improved the goodness of fit of the weight and height measurements. In the second stage, the coefficients from these regressions were transferred to the sample of adults taken from the SNHS 2006 and, after multiplying the coefficients by the self-report values, we obtained measures of weight and height corrected for the reporting error. 27 Of course, this approach assumes data 'transferability', i.e., that the relationship between true and declared values is the same in both datasets (Cawley and Burkhauser, 2008) . This is not an overly strong assumption to make as long as Catalan and Spanish societies can be considered to share similar customs, cultural and historical traits and economic and religious backgrounds. Table 6 shows the impact of this correcting procedure on the BMI. The second column displays the average BMI based on actual self-reporting information on weight and height, and the third column shows the estimated average BMI based on weight and height corrected for self-reporting. Interestingly, our results suggest that self-reported BMI values calculated using the latest available health survey (SNHS-2006) were underestimated for both genders, although the underestimation was much more pronounced for women. The differences between self-reported and corrected mean BMI were statistically significant at the 1% level. For purely comparative purposes, the fourth column shows the corrected BMI values when applying the Cawley and Burkhauser (2008) Table 6 showed that the correction of self-reports could have a significant impact on estimated Tables 6 and 7 of Cawley and Burkhauser (2008) . Their values in pounds and inches were converted into kilograms and centimeters (1 lb = 0.4536 kg; 1 in = 2.54 cm). 29 Again, the differences between the mean BMI values in columns three and four were statistically significant at the 1% level.
obesity prevalence rates (columns 5-7). That is, correcting for the reporting error would result in an increase in the Spanish obesity prevalence of 3.5 percentage points (from 15% to 18.5%), while with the Cawley and Burkhauser (2008) approach the prevalence would not rise quite as much (to 17.6%). As expected, our findings indicated that the degree of underestimation in the obesity prevalence rate for women would be much greater if only self-reports on weight and height were used. Finally, given that the fit of the measured waist circumference equation in Table 5 (panel C) was relatively weak, Table 7 tentatively shows the estimation of this more complete measure of fatness (central adiposity) for the Spanish adult population (aged 16 and over). Interestingly, average waist circumference was higher in males than in females (96.29 vs. 86.74) . Using the US National Institutes of Health's (NIH) threshold levels of 102 cm (40 in.) for men or 88 cm (35 in.) for women, it was estimated that 14.4% of the Spanish adult male population and 21.2% of the adult female population presented a relatively ''high risk'' of suffering type II diabetes, hypertension, and cardiovascular diseases.
Summarizing remarks
The use of social science databases containing declared or reported information on, among other items, individuals' weight and height suffers from a serious problem: the existence of bias which may raise doubts about the calculations of the BMI and, hence, obesity assessment. This is one of the reasons why the medical profession has generally preferred alternative and more accurate proxies (e.g., the waist and hip circumference or the waist-to-hip ratio) to calculate the prevalence of obesity. Provided these alternative indicators are obtained through physical explorations, they are not conditioned by the same kind of biases as those using self-declared weight and height information. However, the high cost of gathering a more complete set of information for large population samples explains the use of self-reported data by social scientists.
This paper has first of all examined the size of the selfreported weight and height biases with reference to a combined health and examination survey of the Catalan population (Catalan Health Survey 2006 and Catalan Health Examination Survey, 2006) , given the lack of availability of a similar dataset for the whole Spanish population. Interestingly, we found that women, university graduates, subjects with a healthy self-assessed health status and the obese tended to underestimate their weight much more significantly than their counterparts, whereas height was overestimated by women, older age groups, lower educated individuals, those with healthy selfassessed health status and obese individuals. BMI was to a large extent underestimated by women, the older age groups and the obese. Ultimately, these results suggest that the self-reporting anthropometric data pattern found in our data (which could be extended to the whole of Spain) resembles that found in the literature for other developed countries.
More importantly, the paper has sought to examine the underlying determinants of the biases in this weight and height reporting behavior, and, among other covariates, the role played by social norms regarding ''ideal'' weight and height (Etilé , 2007; Oswald and Powdthavee, 2007; and Powdthavee, 2009 ). Interestingly, after taking into account the existence of sample selection problems, SURE estimations showed that social norms regarding ''ideal'' weight (proxied by the average weight of a reference group based on gender and age) exerted a non-linear, negative and statistically significant effect on the self-reporting weight (relative) bias equation, even after controlling for a set of covariates. This finding is, however, less intense after accounting for the plausible endogeneity nature of the social norm covariate. Therefore, the greater the average weight of the reference group recorded, the lower was the weight bias or the less inclined individuals were to underreport their weight. This finding seems to suggest that when individuals feel more satisfied with their own body image or are closer to the body weight of their peers they are less prone to misreport their weight. However, we found no evidence of a similar impact caused by the height social norm. Unfortunately, the magnitude and economic relevance of this effect is difficult to evaluate, since our results are in someway contingent on the definition of the Note: Estimated means computed using sampling weights. Standard deviations are reported in brackets.
social interaction effect. As expected, we also found that other covariates (i.e., the BMI, waist-to-hip ratio, age, gender, nationality, education and health and health-care variables) significantly affected self-reported weight and height biases. Finally, the paper has provided evidence to indicate that both the self-declared BMI and the obesity rate of the Spanish population were significantly underestimated, with this degree of misreporting being more prevalent among women. Therefore, the correction for the weight and height self-reporting errors would imply an increase in the Spanish obesity rate of 3.5 percentage points (from 15% to 18.5%). Interestingly, our correction procedure rendered a higher underestimation of the obesity rate compared to the more widely reported Cawley and Burkhauser (2008) conversion approach.
